Background: Patients with proximal femoral neck fracture have a high short-term mortality, a high risk of postoperative complications, and impaired quality of life. One of the challenges related to the prehospital treatment of these patients is to administer systemic opioids fast and properly. Effective analgesic prehospital treatment ought be initiated rapidly in order to alleviate the stress that follows acute pain, to facilitate transportation, and to improve quality of care. The objectives of this study were to explore the prevalence of prehospital administration of intravenous fentanyl to patients with proximal femoral neck fracture in the ambulances and to assess risk factors for analgesic non-treatment. Methods: This was a register-based observational cohort study of patients with proximal femoral neck fracture from the North Denmark Region transported by ambulance. The patients were identified via the Danish Interdisciplinary Hip Fracture Registry over a 3-year period from 1 July 2011 to 30 June 2014. This hospital registry contains data on several patient characteristics used for the risk factor analysis. Data on prehospital treatment (intravenous fentanyl) and patient monitoring were registered in an electronic prehospital patient record. A modified Poisson regression with robust standard errors was carried out with intravenous fentanyl as the primary binary outcome and the following explanatory variables: age, sex, Charlson Comorbidity Index score, housing, body mass index, type of fracture, fracture displacement, prior consultation with general practitioner, dispatch triage level, and time with ambulance personnel. Results: In total, 2,140 patients with proximal femoral neck fracture were transported by ambulance, of which 584 (27.3%, 95% CI: 25.4-29.2) were treated with intravenous fentanyl. Risk factors for non-treatment were: older age, male sex (RR 0. 77, 95% CI: 0.64-0.91), institutional housing (RR 0.72, 95% CI: 0.56-0.92), medial fracture (RR 0.74, 95% CI: 0.60-0.92), short time with ambulance personnel, Charlson Comorbidity Index score > 1, year of fracture (2011), low levels of urgency at dispatch, and if seen by general practitioners prior to transport. Discussion: Education of ambulance personnel in assessing and treating patients with hip fracture seems to be required. Also, future studies should consider alternative or supportive pain treatment options with suitable analgesic effects and side effects. Conclusions: Few patients with proximal femoral neck fracture were treated with intravenous fentanyl, and several risk factors were associated with prehospital analgesic non-treatment. Future prospective studies should explore covariates of socioeconomic, cultural, and psychological origin to provide further insight into the multifactorial causes of non-treatment of acute pain.
Background
Patients with proximal femoral neck fracture (hip fracture) represent a growing population with high mortality [1] , high risk of postoperative complications [2] , and impaired quality of life [3] . In acknowledging the challenges related to the treatment of these patients, a list of quality indicators for the treatment of hip fracture has been created to optimize all modifiable factors associated with the quality of care, including the administration of analgesics [4] . Factors associated with early mortality have been extensively explored, including age, sex, comorbidity, type of fracture, time to surgery, housing, and preoperative mobility [5, 6] . Although not directly related to mortality, timely and adequate pain management is essential for early mobilization and recovery [7] and patients with hip fracture will benefit of prehospital treatment started in the prehospital setting.
Only a few older studies have explored acute prehospital pain management in patients with hip fracture, and they report that less than half of patients had been treated with analgesics during ambulance transport [8, 9] . Studies in patients with hip fracture have also been conducted in emergency departments, and the findings consistently report undertreatment of pain in these patients [10] [11] [12] . In Denmark, the only available opioid administered by ambulance personnel in the prehospital setting is fentanyl [13, 14] . When dosed and titrated sufficiently, fentanyl is a feasible way of achieving immediate pain relief in patients with hip fracture. However, only a limited number of studies of clinical prehospital care of patients with hip fracture exist. Therefore, the objectives of this study were to determine the prevalence of administration of intravenous fentanyl to patients with hip fracture during ambulance transport in the North Denmark Region and to identify risk factors for analgesic non-treatment. We hypothesized that a low number of patients were treated and that several patient-related factors such as age and comorbidities are associated with non-treatment.
Methods

Patients
This is a register-based observational closed cohort study including patients with hip fracture transported by ambulance in the North Denmark Region over a 3-year period from 1 July 2011 to 30 June 2014. The patient cohort was identified via the Danish Interdisciplinary Hip Fracture Registry, which collects national data on quality indicators for the treatment of surgically treated patients ≥ 65 years of age with hip fracure (medial, pertrochanteric, and subtrochanteric). All Danish orthopedic hospital departments caring for these patients are required to report to the registry during patient hospitalization [4] . The registry contains data on patient characteristics, such as the type of fracture and treatment, surgical delay, and body mass index (BMI) [15] . Additionally, the registry has information on the Charlson Comorbidity Index (CCI) score [16] and vital status obtained from the Danish National Patient Registry [17] and the Danish Civil Registration System [18] , respectively. This study was approved by the Danish Data Protection Agency (no. and the National Board of Health (no. 3-3013-1424/1). According to the Danish Act on the Scientific Ethical Committee System (law no. 402, paragraph 14, subsection 2), approval of observational studies by the local ethics committee and collection of informed consent are not required.
Setting
The Danish health care system offers free and unconstrained access to general practitioners (GP), ambulance services, and hospitals to all citizens [19] . The North Denmark Region, which is one of five regions in Denmark, covers a mixed urban and rural area of 8,000 km 2 and provides healthcare for 588,000 inhabitants. Approximately 800 patients with hip fracture are surgically treated annually at four different hospitals in the region, and most of the patients require ambulance transport from the accident site. The vast majority of patients with hip fracture gain access to acute medical help by dialing the Danish national emergency number (1-1-2) connecting to healthcare professionals in the Emergency Medical Communication Centre (EMCC) who will dispatch an ambulance when needed. Ambulances are dispatched according to a symptom-and criteria-based dispatch protocol which categorizes patients into different levels of urgencies [20] . Alternatively, a GP is contacted and, based on the information obtained from a telephone consultation or a physical examination, the GP can request ambulance transport through the EMCC. All services provided by GPs in the North Denmark Region are prospectively registered with specific codes in a regional electronic database. These registrations are based on a fee-for-service compensation, and the database mainly contains information on the type of consultation (telephone, email, or physical).
Patients with hip fracture transported by ambulance can only be treated with intravenous fentanyl, which is administered by ambulance professionals by delegation of the medical director. All ambulances are staffed with personnel capable of administering fentanyl. Fentanyl is a rapid acting opioid with onset time of 2-3 min and analgesic duration of 7-10 min [21] . Dose adjustments are left to the discretion of the ambulance personnel (maximal dose of 2 μg/kg per transport). It is required to record the treatment effect by assessing the patient's pain intensity on a numeric rating scale (NRS, 0-10) before initiating fentanyl treatment and every 5 min until hospital admission. Potential fentanyl side effects are monitored by recording vital parameters (respiratory rate, peripheral oxygen saturation, sedation level [Glasgow Coma Scale], blood pressure, and pulse) at frequent intervals. An opioid antidote (naloxone) is administered in the case of an overdose. Data on treatment and patient monitoring are registered in an electronic prehospital patient record (amPHI ® ), whereas technical dispatch data, such as prehospital time stamps and EMCC levels of urgency, are registered automatically in a technical dispatch software (EVA 2000). As all Danish citizens are assigned a personal civil registration number at birth or immigration, a unique individual-level data linkage between these registries is enabled [18] .
Covariates
Data on intravenous fentanyl administration (yes/no), cumulative doses, other medications administered, and vital parameters were collected from amPHI ® . Prehospital time stamps and EMCC triage levels (A [highest] , B, or C) were extracted from EVA 2000. From the Danish Interdisciplinary Hip Fracture Registry, data on age, sex, CCI score (0, 1, 2, or 3+), BMI, type of fracture (medial, pertrochanteric, and subtrochanteric), fracture displacement (yes/no), housing (own home, own home connected with an institution, institution), and relevant dates, such as hospital admission date and operation date, were obtained. Information on whether a GP had examined the patient on the same date as the hospital admission was collected from a regional database. Medicine administered by GPs could be another way for patients to receive opioids and affect the administration of fentanyl in the ambulance.
Data analysis and handling
All statistical analyses were conducted using STATA version 14.1 (StataCorp, TX, USA). Categorical data are reported as number and percentage (%) with 95% confidence intervals (CIs) and are compared using the χ 2 test or Fisher's exact test when appropriate. Continuous outcomes are reported as means with CIs for normally distributed data or as medians with interquartile ranges (IQR) for skewed data and are compared with student's ttest or Mann-Whitney U-test when appropriate. A modified Poisson regression with robust standard errors was carried out with intravenous fentanyl as the primary binary outcome and with the following explanatory variables included: age, sex, CCI score, housing, BMI, type of fracture, fracture displacement, prior consultation with a GP, EMCC triage level, and time with ambulance personnel, which was defined as the time from ambulance arrival on the scene until the hospital admission. This model was chosen to obtain interpretable relative risks for frequent events [22] . A standard multivariate logistic regression with odds ratios for the same variables is given in the Appendix. In the adjusted analysis, a likelihood ratio test along with a marginal plot was used to decide that age was included as a continuous explanatory variable and time as a restricted cubic spline due to polynomial development. No imputation for missing data was made. All tests were two-sided and all P values < 0.05 were considered statistically significant.
Results
In the 3-year study period, 2,394 patients from the North Denmark Region aged > 65 years and surgically treated for a hip fracture were identified in the Danish Interdisciplinary Hip Fracture Registry. Of these 2,140 patients (89%) were registered as having been transported by ambulance on the day of their hospital admission. Patients not registered in the electronic prehospital patient record (amPHI ® ) were younger (80.7 years, CI: 79.6-81.7 vs. 83.2 years, CI: 82.9-83.6; P = 0.0001), had fewer displaced fractures (73.2% vs. 80.2%; P = 0.01), were more likely to have medial fractures (63.4% vs. 50.8%; P = 0.003), and were more often examined by a GP on the same day as the hospital admission (31.7% vs. 24.3%; P = 0.01). Registered and non-registered patients were similar in terms of 30-day mortality, sex, CCI score, BMI, housing, and reoperation rate due to complications.
Of (2011) and if seen by a GP prior to transport. Having at least one comorbidity (CCI score > 1) was associated with analgesic non-treatment (RR 0.83, 95% CI: 0.72-0.96). the same trend was observed when CCI score was divided into 4, although not statistical significant, (Table 1) . Estimates stratified by sex, age and comorbidity are given in Table 2 . Estimates were not affected by daily, weekly or seasonal variances (data not shown).
Discussion
In this large multicenter, observational study involving 2,140 patients with hip fracture, we found that only 27% of the patients were treated with intravenous fentanyl, and pain scores were high, though only reported in a small fraction of patients. Advanced age, male sex, institutional housing, medial fracture, short time with ambulance personnel, low levels of urgency, year of fracture (2011) and if seen by a GP prior to transport were associated with analgesic non-treatment.
Our results agree with the findings reported in the limited existing literature. A small retrospective medical chart review study of 128 Australian patients with hip fracture found that only half of the patients had received prehospital intravenous morphine [8] . A similar prevalence of prehospital analgesic treatment was found in a more recent multicenter study of 646 patients with hip fracture by reviewing the patterns of prehospital and emergency department analgesia [9] . Neither studies were able to provide a valid assessment of risk factors for analgesic non-treatment.
Platts-Mills and colleagues assessed a large heterogeneous group of prehospital patients transported by ambulance and found a negative association between advanced age (≥65 years compared with 18-64 years) and the likelihood of receiving analgesics [23] . Similar findings have been reported in other acute prehospital and emergency department settings [24] [25] [26] . For all five studies, a high number of patients were excluded because of missing data, and their results should therefore be interpreted cautiously. Even though not elucidated clearly in our results, a possible explanation for the low prevalence of treatment among older people is that, they were not asked about pain as indicated by the low number of pain scores. As pain scores were not documented systematically a reliable description of pain intensity was therefore not possible. Hwang et al. systematically assessed 158 patients with hip fracture in an emergency department and found that 81% complained of pain, proposing that the vast majority of these patients still needed analgesic treatment [12] . Our data showed that patients with some types of fractures (medial) were less likely to receive fentanyl and thus less likely to have a documented pain score compared with those with other types (subtrochanteric), suggesting that pain levels vary according to the specific fracture type. Even though these fractures vary within age groups, our analyses were adjusted for multiple confounders, including age. Another explanation for non-treatment, among a subgroup of the old patients may be their inability to express pain and analgesic requirements because of cognitive impairments [11] . This seems to be somewhat supported by our results, indicating that patients living in institutions were less likely to receive fentanyl compared with patients living in their own homes. A third explanation could be the complex agerelated pathophysiological changes in the peripheral and central nervous system that modulate the response to noxious stimuli, leading to altered pain perception and lower levels of acute pain [27] .
We found that male patients were less likely to receive intravenous fentanyl than women, which has not been observed in similar studies [8, 9] . This finding is in contrast to three larger prehospital studies on patients with acute pain, finding that females were less likely to receive opioid treatment for various reasons [23, 26, 28] . The gender difference in pain research has been extensively explored without reaching any firm conclusions. Some findings show that women report pain more frequently and might experience more severe clinical pain [29] . This could explain the findings in our study if ambulance professionals administered fentanyl on request from female patients.
We found that patients given the lowest level of urgency (C) by the EMCC were less likely to receive fentanyl compared with those given the highest level of urgency (A). One possible explanation might be that patients or relatives that express pain more explicitly tend to be given priority by the EMCC and the treating ambulance professionals. In contrast, one study on 1,246 emergency callers found no association between pain severity and the prioritization of the dispatch responses [30] .
Non-treatment was associated with increased comorbidity in terms of CCI score > 1, although not significant when divided into 4 strata (CCI score 0,1,2 and 3+). The CCI score was initially intended to predict in-hospital mortality among medical patients [6, 16] but the potential role of the CCI score in predicting analgesic non-treatment in a prehospital setting has never been explored and should, therefore, be interpreted carefully. It can be argued that patients with comorbidities tend to be more prone to take prescription drugs that potentially interact with opioids. Because ambulance professionals are taught to be cautious with these patients, one would expect to find a lower prevalence of analgesic treatment in patients with comorbidities. The absence of such association can partly be a consequence an insufficient sample size; thus, future research is needed to address this issue. Finally, BMI was not associated with non-treatment, even though it would have been expected that obtaining intravenous access could be more difficult with extreme body weights [31, 32] .
As for other observational studies, it can only be speculated why some of the presented explanatory variables are associated with analgesic non-treatment. Acute pain is a subjective experience with multiple biological, socioeconomic, and psychological contributing factors that most likely differ within various strata of patient characteristics, of which some may not be measured quantitatively. The decision of whether to treat acute pain also relies on numerous considerations made by the ambulance personnel, including the fear of inducing adverse effects or priority given to other aspects of treatment when time is critical [33, 34] .
Taking these possible explanations into account, continued education of ambulance personnel in sufficiently assessing and treating patients with hip fracture is needed. Additionally, future studies should address alternative/ supportive pain treatment modalities with adequate analgesic properties and limited side effects that can be handled satisfactorily by ambulance personnel. Other formulas of opioids with faster onset and shorter analgesic duration could theoretically ease titration [21] . An alternative treatment approach in patients with hip fractures is peripheral nerve blockades, which could prolong the desired analgesic effect and optimize the continuum of patient care from the accident until the initiation of surgery [35] . Nerve blockades could be applied in prehospital settings with advanced care, but this would require discussions of economic and clinical priorities [36] [37] [38] [39] . The optimal prehospital treatment in terms of efficacy and safety should be based on results from double-blind randomized controlled trials.
In addition to the large sample size, the strengths of our study are that it included patients who represent real-world population-based data from an entire region. The limitations discussed below reflect its registerbased observational design. First, selection was present because patients not registered in the electronic prehospital patient record were younger, had fewer displaced fractures, were more likely to have medial fractures, and were more often examined by a GP on the day of their hospital admission. However, probably this reflects the fact that these patients reached the hospital by means other than ambulance. It can therefore be argued that our final patient cohort represents the typical patient with hip fracture transported by ambulance and that selection bias is a minor concern. Supportively, the populationbased design and the free access to health care including emergency medical services minimize the risk of selection bias. Second, information bias cannot be ruled out because erroneous coding of analgesic administration in acute settings is a potential risk [24] . Therefore, the true prevalence of fentanyl administration in ambulances might be slightly higher. Probably, as coding errors would not be unevenly distributed within any of our explanatory variables, potential misclassifications would be non-differential and could bias the results towards the null. Third, although our explanatory variables were adjusted for several potential confounders, relevant unmeasured variables would still be able to affect our estimates. Fourth, in contrast to the treatment protocol prescriptions pain scores were not documented systematically and therefore, a thorough description of pain intensity was not achievable. Imputation was not possible since pain scores were mainly available for patients treated with fentanyl and thereby not missing at random [40] . Last, the association between prior consultation with a GP and lower odds of receiving fentanyl in the ambulance might mirror the fact that patients were treated with opioids by the GP and therefore did not need further analgesics. The database containing information on GP consultations did not have detailed information on treatment, so this factor remains unexplored.
Conclusion
In this prehospital study exploring transported patients with hip fracture, a small fraction of patients were treated with intravenous fentanyl, and risk factors for analgesic non-treatment included advanced age, male sex, comorbidity, institutional housing, medial fracture, short time with ambulance personnel, low level of urgency assessed at the EMCC, year of fracture (2011) and if seen by a GP prior to transport. These findings give insight into the factors associated with analgesic non-treatment and these need to be taken into account in future studies and clinical care. Improvement of treatment involves several aspects of care, such as education of health care providers and clinical audits on treatment strategies. Future prospective studies should attempt to address covariates of socioeconomic, cultural, and psychological origin to provide further insight into the multifactorial causes of analgesic non-treatment. 
